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AB The performance and selectivity of novel cation and anion exchange * 

multi-modal chromatog. materials were evaluated. Desorption profiles of 
13 proteins possessing a range of properties (e.g. size, charge and 
hydrophobicity) were determined on the cation exchange materials. Batch expts 
were carried out by loading individual proteins on each resin at low salt, 
and examining the desorption of the proteins during sequential washes with 
increasing salt concns . While all of the resins exhibited some binding of 
proteins at elevated salt concns., this effect was more pronounced on the 
resins with aromatic ligands as compared to the materials with aliphatic 
ligands. As expected, materials with higher ionic capacities exhibited 
higher binding at elevated salts. In addition, some proteins exhibited high 
binding at elevated salt concns. to all of the resins. The combined 
effect of charge and other secondary interactions with these multi -modal 
chromatog. materials enables high salt binding of a range of proteins as 
well as unique selectivities for the recovery of certain classes of 
proteins. Since the anion exchange materials all exhibited high binding 
at elevated salt concns., the work with these materials focused on a study 
of elution strategies to remove proteins from these aromatic based materials. 
After evaluating various elution protocols, a combined strategy of pH 
change and chaotropic salt were shown to minimize electrostatic and 
hydrophobic interactions and was an effective elution strategy for this 
class of anion exchange materials using peanut lectin as a model protein. 
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AB The present invention relates to a process for the purification of 
antibodies from one or more impurities in a liquid, which process 
comprises contacting said liquid with a 1st chromatog. resin comprised of 
support to which multimodal ligands were immobilized to adsorb the 
antibodies to the. resin, wherein each multi- 
modal ligand comprises at least one cation- 
exchanging group and at least one aromatic or heteroarom. ring 
system; adding an eluent to release the antibodies from the 
resin; and contacting the eluate so obtained with a 2nd chromatog. resin. 
In one embodiment, the ring-forming atoms of the aromatic or heteroarom. 
entity are selected from the group consisting of C, S and 0, and the 
cation exchanging group is a weak cation exchanger. 
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The present invention relates to a method of separating 
from contaminants in a solution, which method comprises 
with a chromatog. resin comprised of a support to which multi- 
ligands have been immobilized, wherein a multi-modal 
ligand comprises at least one cation-exchanging group 

and at least one aromatic or heteroarom. ring system. In one embodiment, the 
ring- forming atoms of the aromatic or heteroarom. entity are selected among 
C, S or 0, and the cation exchanging group is a weak cation exchanger. 
The present method may be used as a single step procedure or as a 
polishing step following a capture on a protein A column. 
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AB Several prototypes of aromatic (Ar) and non-aromatic (NoAr) cation-exchange 

ligands suitable for capture of proteins from high conductivity (.apprx.30 
mS/cm) 

mobile phases were coupled to Sepharose Fast Flow. These new prototypes 
of multi-modal cation-exchangers 

were found by screening a diverse library of multi -modal 
ligands and selecting cation-exchangers resulting in 

elution of test proteins at high ionic-strength. Candidates were then 
tested with respect to breakthrough capacity of bovine serum albumin 
(BSA) , human igG and lysozyme in buffers adjusted to a high conductivity By 
applying a salt-step or a pH-step the recoveries were also tested. We 
have found that aromatic multi -modal cation- 
exchanger ligands based on carboxylic acids seem to be optimal for 
the capture of proteins at high-salt conditions. Exptl. evidence on the 
importance of the relative position of the aromatic group in order to improve 
the breakthrough capacity at high- salt conditions has been found. It was 
also found that an amide group on the a-carbon was essential for 
capture of proteins at high-salt conditions. Compared to a strong 
cation-exchanger such as SP Sepharose Fast Flow the best new multi 
-modal weak cation- exchangers have 

breakthrough capacities of BSA, human IgG and lysozyme that are 10-30 
times higher at high- salt conditions. The new multi- 
modal cation-exchangers can also be used at 



normal cat ion- exchange conditions and with either a salt-step or a pH-step 
(to pH-values where the proteins are neg. charged) to accomplish elution 
of proteins. In addition, the functional performance of the new 
cation-exchangers was found to be intact after treatment in 1.0 M sodium 
hydroxide solution for 10 days. For BSA it was also possible to design 
cation-exchangers based on non-aromatic carboxyl acid ligands with high 
capacities at high-salt conditions. A common feature of these ligands is 
that they contain hydrogen acceptor groups close to the carboxylic group. 
Furthermore, * it was also possible to obtain high breakthrough capacities 
for lysozyme and BSA of a strong cation-exchanger (SP Sepharose Fast Flow) 
if Ph groups were attached to the beads. Varying the ligand ratio 
(SP/Phenyl) could be used for optimizing the function of mixed-ligand 
ion- exchange media. 
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AB The present invention relates to a method of generating a separation medium 
comprising mixed mode cation- 
exchanger ligands coupled to a base matrix, which method comprises 
to provide a scaffold comprising a functional group and exhibiting a 
cyclic core structure; derivatize the scaffold with a reagent comprising a 
reactive group coupled to a residue R by reacting the functional group of 
the scaffold with said reactive group; open the cyclic structure of the 
resulting derivative; and react the product with a base matrix comprising a 
re-active group. The scaffold presents at least two functionalities; one 
sulfur-comprising group for coupling to the base matrix and one group that 
can be transformed into an ionic group. 
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AB Mixed-mode hydrophilic interaction/cation- 
exchange chromatog. (HILIC/CEX) is a novel high-performance 
technique which provides unique selectivities compared to reversed-phase 
chromatog. (RPLC) for peptide sepns . Sepns . by HILIC/CEX are effected by 
linear increasing salt gradients in the presence of acetonitrile (up to 
90%) , which promotes hydrophilic interactions overlayed on ionic 
interactions with the ion-exchange matrix. In the present study, the 
utility of HILIC/CEX has been extended to the separation of cyclic peptides 
the form of synthetic model analogs of gramicidin S: Series I comprised 
six 10-residue cyclic peptide analogs which exhibited amphipathic, rigid 
3 -pleated sheet conformation; Series 2 comprised 14 -residue cyclic 
diastereomeric analogs of gramicidin S, where only the enantiomeric 
configuration of a single amino acid side-chain is varied from peptide to 
peptide. Observation of the retention behavior of these two series of 
cyclic peptides during HILIC/CEX and RPLC confirmed not only the excellent 
complementarity of these two chromatog. modes but also highlighted the 
dramatic sepns. achievable by the mixed-mode approach. 
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